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Objective. The utilization of the prone position to treat patients with COVID-19 pneumonia 
who are critically ill and mechanically ventilated is well documented. This case series reports 
the location, severity, and prevalence of focal peripheral nerve injuries involving the upper 
limb identified in an acute COVID-19 rehabilitation setting. The purpose of this study was to 
report observations and to explore the challenges in assessing these patients.  
Methods. Participants were patients with suspected peripheral nerve injuries following 
discharge from COVID-19 critical care who were referred to the peripheral nerve injury 
multidisciplinary team. The patients studied had suspected peripheral nerve injuries following 
discharge from COVID-19 critical care and were referred to the peripheral nerve injury 
multidisciplinary team. Data were collected retrospectively on what peripheral neuropathies 
were observed, with reference to relevant investigation findings and proning history.  
Results. During the first wave of the COVID-19 pandemic in the United Kingdom, 256 
patients were admitted to COVID-19 critical care of Queen Elizabeth Hospital, Birmingham, 
United Kingdom. From March to June 2020, a total of 114 patients required prone 
ventilation. In this subgroup, a total of 15 patients were identified with clinical findings of 
peripheral nerve injuries within the upper limb. In total, 30 anatomical nerve injuries were 


















cords of the brachial plexus (10/30). Neuropathic pain and muscle wasting were identified, 
signifying a high-grade nerve injury. 
Conclusion. Peripheral nerve injuries may be associated with prone positioning on intensive 
care units, although other mechanisms, such as those of a neuroinflammatory nature, cannot 
be excluded.  
Impact. Proning-related upper limb peripheral nerve injuries are not discussed widely in the 
literature and may be an area of further consideration when critical care units review their 
proning protocols. Physical therapists treating these patients play a key part in the 
management of this group of patients by optimizing the positioning of patients during 
proning, making early identification of peripheral nerve injuries, providing rehabilitation 
interventions, and referring to specialist services if necessary.  
Lay summary. During the COVID-19 pandemic, patients who are very ill may be placed for 
long periods of time on their stomach to improve their chances of survival. The potential 
consequences of prolonged time in this position are weakness and pain in the arms due to 
potential nerve damage.  There are some recommended treatments to take care of these 

























On December 31, 2019, China announced a cluster of novel pneumonia-like illness. As of 
this writing, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic 
has infected approximately 33.3 million people globally and has been responsible for over 
one million deaths.
1
 Coronavirus 2019 (COVID-19) invades the respiratory mucosa and 
infects other cells, inducing a cytokine storm systemically.
2
 Some patients progress rapidly 
with acute respiratory distress syndrome (ARDS)
3
 and supportive care in intensive care is the 
mainstay of treatment, with many patients needing intensive care treatment for many weeks. 
One complication of critical care is polyneuropathy and critical illness myopathy involving 
both motor and sensory axons.
4
 Critical illness polyneuropathy and myopathy usually present 
as flaccid and symmetric paralysis.
5,6
 In addition to the presence of systemic neuropathies, 
focal neuropathies following long intensive care stays can be present due to direct 
compression or traction of the plexus, peripheral nerves, or arterial structures.  
Proning has been shown to reduce mortality in ARDS
7
 and, with up to 42% of patients with 
COVID -19 developing ARDS,
3
  proning has been widely adopted in the recent epidemic. 
For all of its benefits, the prone position can be associated with various complications, 
including pressure sores and accidental injuries.
8
 Upper limb nerve injuries related to brachial 
plexus neuropathy are also associated with the prone position.
9
 Injury severity can vary 
widely from neurapraxia (conduction block), in which full recovery would be expected in up 
to 3 months, to more severe axonal injuries (high grade) for which incomplete recovery 
would be expected and which may require surgical intervention. To mitigate against 
complications associated with proning, numerous guidelines have been developed.
10,11
 
In this case series we describe the demographics, baseline comorbidities, presenting clinical 
tests in a series of patients in an inpatient COVID-19 acute rehabilitation ward who had 




















This study was conducted at the Queen Elizabeth Hospital, Birmingham (QEHB) in the 
United Kingdom. The QEHB is one of the largest single site hospitals in the UK, with the 
largest co-located critical care unit in Europe. 
A referral pathway was implemented to improve rehabilitation of patients with upper limb 
dysfunction after infection with COVID-19. Allied health professionals working on 
rehabilitation wards at QEHB were asked to refer all patients with upper limb weakness, 
pain, or loss of sensation to the multidisciplinary peripheral nerve injury team. Members of 
the team at QEHB then assessed patients while they were in hospital. 
Retrospectively, data were collected from the hospital’s electronic Prescribing Information 
Communication System. Data included demographics, baseline comorbidities, results of 
clinical tests and working diagnosis. In addition, critical care specific data were also 
collected, including length of stay on critical care and frequency of proning. The clinical 
assessment outcomes included Medical Research Council (MRC) motor assessments of key 
muscles of the upper limb, assessment of sensory loss, presence of neuropathic pain (reports 
of burning, stinging, paresthesia in peripheral nerve distribution), and results of any 
neurophysiological tests or imaging. The nerve injury severity was defined by the clinical and 
electrophysiological data as high grade (complete axonopathy with paralysis), intermediate 
grade (axonopathy incomplete with paresis), and low grade (predominant neurapraxia / 
conduction block). Inclusion in the post–COVID-19 neuropathy group required paralysis or 
paresis +/- sensation loss in a specific peripheral nerve distribution.  
This retrospective study was registered and approved by the University Hospitals 


















Registration Management System (CARMS-16211). Research ethics committee (REC) 
review was not sought or required for this project, due to the data capture being collected as 
part of normal clinical pathways. This was confirmed via completion of an NHS health 
research authority  research decision tool, confirming that this project would not be deemed 




Between March and June 2020, 256 patients were admitted to COVID-19 critical care at the 
QEHB, Birmingham, United Kingdom. Thirty upper limb peripheral nerve injuries were 
identified in 15 patients in 21 limbs. Demographics and clinical findings are presented in 
Table 1. The mean age was 54.5 years (range = 39-69 y), and 12 (80%) of the patients were 
male. Comorbidities included  hypertension (80%), type 2 diabetes mellitus (46%), and 
obesity (53%). All patients referred to the peripheral nerve injury team required critical care 
admission and were ventilated (at least in part) in a proned position on average 7.3 times 
(range = 2-15), with an average length of critical care stay of 32.5 days (Tab. 2).  Hospital 
guidelines for managing all patients in the prone position were followed and positioned as per 
the Faculty of Intensive Care Medicine (FCIM) guidelines.
12
  This entails careful positioning 
of the arms in the ‘swimmers position’. This involves raising one arm on the same side to 
which the head is facing while placing the other arm by the patient’s side. The shoulder 
should be abducted to 80 degrees and the elbow flexed 90 degrees on the raised arm.  The 
patients are nursed in a 30 degrees reverse Trendelenburg position, with 2 hourly head and 


















and then returning to supine for 8 hours, alternating the position until the therapy is no longer 
indicated. 
The most commonly injured nerve was the ulnar nerve (12/30) followed by the cords of the 
brachial plexus (11/30) (Tab. 2). All patients reported neuropathic pain, and all patients 
presented with motor weakness. Nerve conduction and electromyography studies (EMG) 
were performed in 14 (93%) patients during their inpatient stay. The timing of these studies 
varied. Additional investigations—such as magnetic resonance imaging of the shoulder, neck, 
plexus, and head; plain shoulder radiograph; and computed tomography—were performed in 
5 (33%) patients. Three patients in our case series had evidence of a glenohumeral joint 
dislocation, which may account for axillary nerve and medial cord injuries seen.  
[H1]Discussion 
This study reports the demographics, clinical features, and neurophysiology for 15 patients 
presenting with 30 upper limb nerve injuries following step-down from COVID-19 critical 
care. All patients had significant muscle weakness and neuropathic pain suggesting high-
grade nerve injuries. Thirteen patients (87%) presented with multiple nerve injuries within 
their upper limbs (range = 1-4). The majority of patients (9/15) had injuries involving the 
ulnar nerve at the cubital tunnel, with 3 of these patients having bilateral ulnar nerve 
symptoms. The next most common site of peripheral nerve injury was at the level of the 
cords in the infraclavicular brachial plexus (10/30). All patients presenting with upper limb 
peripheral nerve injuries had been treated with intermittent proning while ventilated during 
the course of their critical care management. 
The presentation of ulnar nerve symptoms following long periods of proning in intensive care 


















injuries associated with anesthesia.
13
 Furthermore, the ulnar nerve has been shown to be more 
sensitive to ischemia, when compared with the radial or median nerves.
14
 
This is particularly important when considering that SARS coronavirus 2 infection is also 
known to cause microcirculatory disturbances. Heterogeneity of arm positioning when 
proning is apparent in the literature, and the FCIM proning guidelines
12
 suggest that the 
elbow should be maintained at 90 degrees. This is, however, a potential stretch position for 
the ulnar nerve at the elbow.
15
  The safe proning checklist
10
 advise elbow flexion of 70 
degrees; however, the images accompanying the checklist show elbow flexion at 90 degrees. 
In recent months, guidelines have recommended arm elevation under 70 degrees with the 
elbow in slight flexion.
11
  
Additionally, 2 of the 15 patients appear to have suffered axonopathy in the 
musculocutaneous nerve, with near complete motor loss and sensory impairment in the lateral 
cutaneous nerve of the forearm or the C6 dermatomal distribution. Prone positioning with 
inadvertent compression of the proximal, medial aspect of the arm, could conceivably 
directly injure the musculocutaneous nerve, the deep brachial artery (which supplies the 
radial nerve), and the brachial artery supplying the median and ulnar nerves. 
The next most frequent presentation was injury to the cords of the brachial plexus. It is 
widely recognized that the abducted and lateral rotated position of the shoulder causes 
traction on all the infraclavicular plexus. Furthermore, the use of muscle relaxants removes 
protective muscle tone around the shoulder and inherently puts the glenohumeral joint at risk 
of subluxation/dislocation in this position. Other authors have linked large, high chest rolls 
with posterior shoulder displacement and resultant brachial plexopathy.
16
 
The majority of the nerve injuries were high grade. Neuropathic pain, which was present in 




















 In addition, most patients demonstrated muscle wasting and 
loss of muscle power 3 or 4 weeks following step-down from critical care. Finally, many of 
the electromyography studies reported spontaneous fibrillations, positive sharp waves, and 
fasciculations, which is indicative of active denervation and again suggestive of a more 
severe nerve injury with axonal injury.
18
 Outcome from an axonopathy is mixed and depends 
on both the severity of injury to the axons and the distance between the injury site and the 
sensory and/or motor target, but axonopathy can lead to significant and life-changing 
disability.
19
 It is possible that some of the low-grade injuries were missed or diagnosed as 
critical care myopathy.  
Identification of a peripheral nerve injury is complex in patients recovering from COVID-19 
stepped down from critical care. Numerous other differential diagnoses need to be considered 
following a significant length of stay on critical care and also with this particular coronavirus. 
In early recovery, we found that identification of a peripheral nerve injury was masked 
because of the presence of severe post critical illness myopathy and neuropathy, the most 
common cause of neuromuscular weakness in the intensive care setting.
5
 During 
rehabilitation, however, general weakness, stiffness, and pain in the upper limbs improved, 
and the peripheral nerve dysfunction became obvious. Delirium also brought additional 
challenges in managing these patients,
20
  making our early assessment of suspected peripheral 
nerve injuries difficult.  
Finally, it is clear that patients with coronaviruses can have both central and peripheral 
nervous system dysfunctions
21
 and, specifically, peripheral motor neuropathies in isolation.
22
 
An inflammatory or autoimmune etiology, therefore, needs to be considered. Clues to the 
inflammatory etiology of the neuropathy sometimes can be available through the assessment 
of the timing of the neuropathy from the onset of the virus.
23


















ascertain in this group of patients who, on average, were 30 to 40 days since onset of the 
virus and were mostly sedated during that period. 
Although this retrospective study included a small number of patients, it is valuable to 
highlight the complexity when providing rehabilitation to patients with COVID-19 on step-
down from critical care. We were unable to extract data on the frequency of arm cycling 
while proned. However, there was clear evidence from electronic noting that these particular 
patients were critically ill and often repositioning had significant effects on their ventilation 
and was therefore limited. Future studies on frequency of arm cycling, prone episode 
duration, and cumulative time in the prone position could provide increased insight into the 
prone position on peripheral nerve injuries. Although nerve conduction studies were 
frequently carried out, some were performed in critical care where there were examination 
limitations and where polyneuromyopathy masked a peripheral nerve injury.   
[H2]Implications 
These early observations have important implications on both patient positioning in critical 
care, assessment and management of acute nerve injuries, and planning and allocation of 
rehabilitation resources. In critical care, sustained elbow flexion positions should be avoided 
when possible. Pressure on the elbows should be considered in relation to degree of elbow 
flexion and also direct compression, highlighting the need for potential padding around the 
medial elbow. Shoulder abduction/elevation should be maintained to less than 80 degrees and 
kept in the scapular plane when possible by the careful use of a pillow under the chest 
(covering the width of the chest without unduly compressing the proximal-medial arm), 
therefore also reducing the possibility of posterior shoulder displacement. Arms should be 



















Physical therapists are in a unique position to support with positioning in critical care and to 
identify and highlight patients with potential brachial or peripheral nerve injuries. Suspicion 
should be raised if a patient reports signs of neuropathic pain or loss of sensation in a 
peripheral nerve distribution or demonstrates focal muscle wasting or loss of power. Timely 
identification of nerve injuries enables baseline assessments to be conducted to ensure 
appropriate monitoring. It will also highlight the need for adaptations or specific 
strengthening and sensory relearning or motor patterning programs to be commenced to 
maximize rehabilitation potential.  
Patient education on passive range of movement is a key part of management in addition to 
education on protection strategies, including advice on treatment of dry skin, education on 
how to avoid pressure areas, and positioning to avoid further ischemia on a recovering nerve. 
Local nerve entrapments such as ulnar neuropathy can be symptomatically improved by 
careful limb positioning. As recovery progresses, high-repetition, low-resistance functional 
exercises will limit fatigue but facilitate neural pathways.  
The consequences of upper limb peripheral nerve injuries are potentially life changing and 
devastating.
19
 The patients included in this study were of working age, which has significant 
economic consequences; and many will need ongoing health care resources. During this 
recent pandemic there was increased demand on rehabilitation services but specifically on 
upper limb rehabilitation. Provision and planning for rehabilitation during future potential 
waves need to consider the need for these specialist rehabilitation pathways and potential 
training needs. Our center has produced an assessment guidance document that will support 
non specialists to screen for injury  (Figure). Those injuries that are deemed intermediate or 
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ADM = abductor digiti minimi; APB = abductor pollicis brevis; Ax = axillary nerve; BP = 
bracial plexus; CTS = carpal tunnel syndrome;  ECRL = extensor carpi radialis longus; 
ECRB = extensor carpi radialis brevis; EDC = extensor digitorum communis; EIP = extensor 
indicis proprius; EPL = extensor pollicis longus; FCU = flexor carpi ulnaris; FDI = first 
dorsal interosseous; FDP = flexor digitorum profundus; Fibs = fibulations; FPL = flexor 
pollicis longus; HTN = hypertension; IS = infraspinatus; LCNF = lateral cutaneous nerve of 
forearm; MCN = musculocutaneous nerve; MCNF = medial cutaneous nerve of forearm; 
MRC scale =  medical research council; Obs = observations; PSWs =positive short waves; 
RN = radial nerve; SAN = spinal accessory nerve; SRN = superficial radial nerve; SS = 




























Table 2 – Patient Demographics, Critical Care Data and Frequency of Nerve Injuries 
for Included Patients (n = 15) 
a
  
Patient Characteristics Mean (Range) 
Age (y) 54.5 (39-69) 
Sex (male: female) 12 male / 3 female 
Comorbidities present (%) HTN – 80% 
T2DM – 46% 
Obesity – 53% 
Critical care length of stay (days) 32.5 (20-46) 
Number of times proned 7.3 (2-15)  
Frequency of nerve injuries by anatomical location (n=30)_ 
   Upper trunk 1 
   Lateral cord 4 
   Posterior cord 3 
   Medial cord 3 
   Axillary nerve 2 
   Median nerve 1 
   Ulnar nerve 12 
   Radial nerve 1 
   Musculocutaneous nerve 2 
   Spinal accessory nerve 1 
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Figure. Screening tool for COVID19 critical care-associated plexopathy. 
 
 
